Introduction
The solvent extraction method is suitable for separation and recovery of metal ions. [1] [2] [3] [4] Steric effect and ion size recognition are used to improve the selectivity of the extractant, while synergistic extraction is used to improve the extractability of the extraction system. Ion size recognition is observed in cyclic compounds like Crown Ether and cryptand. The ion size recognition ability of multidentate ligand N,N'-bis(2-hydroxyphenylmethyl)-N,N'-bis(2-pyridylmethyl)-1,2-ethanediamine (H2bbpen) has been examined. [5] This study reports on the selectivity of alkaline earth metal ions using H2bbpen derivatives.
Experimental 2-1 Reagents and apparatus
The synthesis of H2bbpen derivatives in Fig. 1 was performed according to the method of Neves et. al.. [6] [7] Schiff base was synthesized by dissolving salicylaldehyde in ethanol, and adding ethylenediamine. The Schiff base was reduced using sodium tetrahydroborate in ethanol. H2bbpen was synthesized with addition of 2-chloromethylpyridine hydrochloride and sodium hydroxide. Precipitation was extracted into chloroform and evaporated and recrystallized using ethanol. The final extractant was confirmed with NMR and elemental analysis. All other chemicals were reagent grade materials and deionized water was used throughout. The (377) pH and the metal concentration in the aqueous phase were determined with a Hitachi-Horiba F-13 pH meter equipped with a glass electrode and a Seiko SPS4200R inductively coupled argon plasma spectrometer was used to determine metal concentrations.
2-2 Extraction of alkaline earth metal ions with H2bbpen
In a 30 cm3 centrifuge tube, an aliquot of chloroform (10 cm3) containing 0.04 mol dm 3 H2bbpen was equilibrated with an equal volume of an aqueous phase containing 0.1 mol dm-3 sodium nitrate and 0.01 mol dm-3 buffer (Good's Buffer) containing 1.0 x 10-3 mol dm-3 alkaline earth metal ions. After the two phases were separated by centrifugation, the pH and metal concentration of the aqueous phase were measured.
2-3 Extraction of alkaline earth metal ions with HzdClbbpen
Metal ions were extracted in a manner similar to that using H2bbpen. In a 30 cm3 centrifuge tube, an aliquot of chloroform (10 cm3) containing 3 x 10-4 mol dm'3 HzdClbbpen and an equal volume of an aqueous phase containing 1.0 x 10-4 mol dm 3 alkaline earth metal ion, 0.1 mol dm-3 sodium nitrate and the 0.01 mol dm-3 buffer (Good's Buffer). After the aqueous and organic phases were separated by centrifugation, the pH and metal concentration of the aqueous phase were determined. Complete extraction of alkaline earth metal ions was not possible when H2bbpen was used. The extraction ratio of Mg2+ was about 50 %, and the extraction ratio of Ca2+ was about 5%. Since the acid dissociation constants of H2bbpen were small, the extraction ratio for Mg2+ and Ca2+ using H2bbpen was small.
3-1 Extraction of alkaline earth metal ions with H2dClbbpen
An extraction reagent with a large acid dissociation constant was synthesized. The extraction experiment was carried out by the synthesis of HzdClbbpen, which introduced two chlorines into the phenyl group. The extraction experiment was carried 
out at a low extraction reagent concentration because H2dClbbpen had a low solubility in chloroform. However, the alkaline earth metal ions were extracted. The extraction ratio (E %) of alkaline earth metal ions with N,N'-bis(3,5-dichloro-2-hydroxyphenylmethyl)-N,N'-bis(2-pyridylmethyl)4,2-ethanediamine (H2dClbbpen) is plotted in Fig.3 as a function of the aqueous phase pH equilibrated with the organic phase. Almost 100% of Mg2+ and Ca2+ was extracted when H2dClbbpen was used. Over 80 % of Sr2+ was also extracted, and about 50 % of Ba2 was extracted. The extraction ratio unproved with introduction of the substituent.
3-2 Extraction mechanism and equilibrium analysis
The overall extraction equilibrium and the extraction constant (Kex) of alkaline earth metals can be described as: 
